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ABSTBACT " ■ . . 

• ^ A model in which nonprice rationing has two effects 

on the number of ^ medical school applicants in tHe United States is 
specified and estimated for the .1951-76 pieriod. The results indicate 
that low accea*ance rates discourage many * potential applicants and 
that a fairl^arge arid constant percentage of rejected applicants 
•can be expected to reappi^t. Four previous applicant studies are 
examined. "The results also indicate that the rapid growth rates of 
applicants in recent years can laxgely be attributed to three 
factors: growth in women applicant^, inci^eases in resident salaries: 
and induced increa-ses in repeat applicants. Medical school tuition, 
loan availabilit-y, and the attractiveness of science care(|rs do not 
appear to have been importa-nt determinants of applicants over the 
sample period. (Author/SW), ^ • 
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MORE ON THE DEMAND FOR MEDICAL EDUCATION 
WITH SPECIAL AHENTION TO THE EFFECTS OF 
NONPRICE RATIONING. 



ABSTRACT 



A model in whfch nonprice rationing has twA effects on the number of 
medical school applicants in the U.S. is specifitd and estimated for^ ,the 
1951 - 76 period. The results indicate that ToJacceptance rates discourage 
many potential applicants and that a fafrly lar^ and constant percentage 
of rejected applicants can be expected to reapplfy. Four previous applicant 
studies are examined in the light of these findings. The results also indicate 
that the rapid growth rates of applicants in repent years can largely be 
attributed to three factors: growth in women applicants, increases in 
resident salaries and in^luced increases in repeat applicants. Medical school 
tuition, .loan availability and the attractiveness' of science careers do not 
appear to have been important determinant's of applicants over the sample period. 
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^ There have been four previous 'econometric 'Sn^dies of the demand for ■ 

\ ' 

medical education: Sloan (1968, 1971), Esposito\(1968) . Leffler (1977) 
and Feldman and Scheffler (1978). The research reported on here faring the 
number to five. Interest In the subject ^as evolv'^d in part from two concerns 
which have led to extensive government involvement In medical education: 
perceived, if not actual, physician shortages- and the underrepr^sentation of 
minorities and women .in the physician population. These studies have also 
been fitotivated by a • more general interest in demand for higher education. 
Data on medical school applicants are of good quality and medical education 
has been a fairly homogeneous "commodity" -over time relatiW to other types 
of education. The assumption is that inferences about the effe;:ts of tuition, 
loan and scholarship availability, and incomes of graduates on demand for 
higher education can be made from studying how these same variables affect 



the demand for medical education. 
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Our interest in the demand for medical education is mostly due t6 a well 
known characteristic of the medical school admissions procedure: many 
students who apply are not accepted at any school. In fact, only thirty-six 
percent of all applicants for entrance 'to U.?. medical schools in 1976^ere 
admitted;* In economic terminology,, the "market" for medical education is . 
characterized by extensive nonprice rationing. Our Results Indicate that 
this rationing has two substantial ^effects on the demand for medical education. 

4 

'— . — : — — V — 

*. AssOci'ation of American Medical Colleges (1976). Throughout dates refeV 

to academic years unless otherwise noted. Hence applicants for 1976 are \ 

those hoping to rhatri^culate in the fall of 1975. 

'v * • . _ • 

, • / ■* 
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First, mny potential applicants are discouraged by rationing'. Application 
normally requires extensive premedical study and the possibility, that the 
investment in premedical study will not payoff makes it less attractive.** 
This effect has been recognized in the four previous studies although o/ily 
Feldman and Scheffler make a serious attempt at estimating its magnitude 
Second, a large number of appliccints each year are applicants who have 
applied^jjr^eviously. Of all applipants for entrance in 1976, 23 percent 
Ttad applied previously. We find that a model in which a constant proportion 
of rejected applicants reapply^ the following year fits the data very well, 
while ignoring the existence of repeaters -- as' has been done in the previous, 
studies — seriously affects results. Our results should interest those \ 
stu(lying demand in other rationed markets, where comparable effects may ^e 
observed. ' ' * . 

• ♦ 

In Section 1 we present the applicant data and discuss features of the 
data that are relevant in constructing our empirical model. The model is 
specified in Section 2 and results are discussed in^Section, 3. In Section 4 
the previous studies are reconsidered. Remarks about future research on 
medical school applicants conclude the paper. 

~ ^ — [ — — — ■ — * ~~ 

* To complete a typical set of course requirements would require approximately 
two years of full-time undergraduate study. While an Undergraduate pre- 
medical major is not required, a large number of courses in biology, chemistry 
and other sciences are usually specified. In addition,- most schools requirp 
completion of a bachelor's degree. See Stapleton (1978, p; 31) for further 
details. 

5 r 
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\ V. The Applicant Data 

The Association of American Med icaT Colleges (A.A.M.C.) has gathered and 
published annual data on applicants to U. S, medical schools since 1927 except 
for the years 1944 through 19.4"7. Data from individual schools are compared 
to eliminate doubly counting of applicants who apply to more than one school. 
Since 1951' the data have been published by sex. Since 1974^he A,A..M.C. has 
distinguished between first-time and repeat applicants; this distinction 
was also made in the period^frbm 1952 to 1961. 

t ^ ... 

I ^ 

We have chosen not to use the applicant data prior to 1951 both because 
data by sex are not available and because other data to be used in our model 
are not available. Applicant data for 1951 and later years are presented 
in the first four columns of Table 1. In the 14 years from 1954 to 1968 
the number of appl4canti increased by only 32 percent while in the following 
seven years, to 1975, the number increased by 124 percent. 
t 

Two Sources of growth in the later period will be considered in the model 
^of the next section: increases in the number of male college, graduates and 
in the attractiveness of becoming a physician. A third source which will 
not be considered is the larger rate of yrowth for female applicants. 
^ Throughout the j950*s fewer than seven percent of a|3plicants were women. 
As- late as 1969 this percentage was only 9.7. From that year on it grew 
rapidly, reaching 22.6 percent by 1976. While factors leading to growth in 
the number of male applicants in the 1970 's undoubtedly affected the number 
pf female applicants as well, it \t unlikely that they can fu.ll.y account for 
th<^ growth in the latter series. This growth may in lai>ge part.be due to a 




TABLE ] 

> — 

• » > 

f'ledical .School Applicants by Sex, 
First-time and Repent, 1951 to 1975 









First-time 








App] 


Licants 


' App] 


Licants* 


Repeat Applicants* 


leHX 






s/iexi 


wonien 


Man t 




1951 ' 


20.386 


1,173 


n.a. 


n.a. 


n.a. 


n.a. 


1952 


18,245 


1.040 


12,513 


783 


5.732 


257 


1953 


15,207 


964 


10,264 


691 


4.943 


272 


1954 


12,931 


903 


9,709 


721 


3,222 


187 


1955' 


13,139 


841 


10,656 


681 


2,483 


160 


1956 


13.301 


939 


10,631 


789 


2.670 


. 150 


1957 


14,289 


1.028 


11,323 


826 


2;966 


202 


1958 


14.290 


920 


11,470 


745 


2,820 


' 175 


1959 


13,740 


888 


10,999 


7U$ 


2,741 , 


169 


1960 


13,504 


974 


l6,76'4 


805 


2,735 


169 


1961 


13,020 


989 • 


10,467 


831 * 


2,553 


158 


1962 


12,930 


1,126 










1963 


14,340 


1,149 




• 


• 




1964 


15,914 


1,356 










1965 


17,095 
16,661 


1,677 










1966 • 


1,614 ' 








♦ 


1967 


16,206 


1,605 


n.a. 






n.a* 


1968 


16,365 


1.&59 










1969 


18,584 


1,990 










1970 


21,712 


2,180 ■ 




• 






1971 


21,690 


2,595^ 
3,548 










1972 


24,551 










1973 


29,584 


5,228r 










1974 


32,060 


6,913 


24,134 


5,670 


7.926 


1,243 


1975 


32,44tr 


8,364 


23,387 


6,546 


9.053 . 


.1.818 


1976 


31,658 


9,265 


22.791 


7,231 


8,867 


2,034 



Source: Association, of American Medical Colleges (1951-76). 

* The decomposition by sex for 1956-58 was estimated by assuming 
that the proportion of repeaters who were male was the same as 
the average proportion for 1959-61 (.94). 
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breaking down of barriers to entry into medicine for women (either reaV or 
perceived).* Since it proved iifipossible to dbnstruct a meaningful empirical 
model to capture this change, the models pres^ited below are fitted to data 
for men only, . 

\ In e^cfi of the 13 years for which repeat applicant dataare available, 

A 

repeaters account for at least 19 percent of all applicants. The maximum 
percentage is 31 (in 1952) and a good deal of variation in the number of 
applicants is .evidently due to variation in the number of .repeaters . We con- 
centrate out attention on determinants of the number of fir^time appl^nts 
rather than the^total number. In part this is because the number of first- 
t-ime Applicants may be more relevant for policy purposes; the , most important 
reason, however, is a practical one.* The decision to reapply is fundamentally 
different than the original decision to apply since it is conditional on the 
original decision. It is likely that much of the premedlcal investment is a 
"sunk cost" when the decision to reapply is made. Therefore the number of ; 
repeaters is probably determined by different factors than the number of first- 
timers. Ideally separate models would be built for first-timers and repeaters, 
but isince only total applicant data are available in many years,' the two must 

* Factors which may ^account- for growth in women applicants are:' 1) changes 
in medical school recruitment policies, in part due to federal affirmative 
action programs and legal actions against individual schools; 2) special 
loan and scholarship programs for women;. 3) increased encouragement of 

women at the premedlcal level; and 4) changed aspirations of women in 

-* ■ I 

general. Discussion of recruitment programs can be found in recent A.A.M.C. 
Applicant Studies. Walsh (1977. p. 268) discusses legal action against 
sc.hodls and the effects of affirmative action requirements. 
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be combined. Because of limited -degrees of freedom a very simple model for 
repeaters is hypothesized an_d the first-time- model is developed in more detail. 

^> Econometric Model 

Since the model is to be estimated for males only, all references to 
applicants in this section are to male applicants only. The model consists 

of two* equations » one for first-time {'^New") applicants, a". and one for 
r 

repeaters, A . First-time applicants are primarily third and fourth year college 
students, or students "who h-ave just completed their undergraduate education,, 
and an important determinant of th« number of applicants is expected ^ be the 
number of persons ih this group or "appHcant pool"*. ' 



c 



Ta measure the size of this pool wft use t^e number of ^men .graduating from 
college in the year prior to the year -for wh=ich application is being made, C. 
Hence the pool for applfcants >^jshing to.ent6r in the fall of 1974 (or academic 
year 1975) is measured by the number of men graduating from college in the 
spring of the same year. * ) » * 

An individual in the pool is assumed to apply if the individual's 
expected utility from application exceeds the utility from pursuing the best 

I, ■ ■ • . • * 

dUernative career, where the only uncertainty about the outcome of the decision 
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* Of first-time applicants applying *for admission in 1976 , 54.8 percent were 
in their last undergraduate ye^ir,^ 4.6 percent were in. their next to last 
year and percent had been -out of college for one year (A.A.M.C, 1976. 
^. 880). \^ ^ 

» ■ . * » 
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is whether or not the Individyal win.be admitted to medical school. Let [\ 

r 

U(z) be the individual's utility function satisfying the axioms of Von Neumann 
and Morgenstein (1947), where 2 is a vector of career characteristics, and let 
P be the probability (as perceived by the student) of being admitted to medical 
school. The student will choose to apply iff:' 
0) P . U(z^) Ml ~ P) U(2^) > U(2^) . ^ 

where z^' is the vector of characteristics associated with successful pursuit 

of a medical career. 2 is the vector associated with a conditional alternative 

• ^ 

career if the student ajl^lies and is not admitted and z is the vectoriFssociated 

-a 

with the best alternative career.*^ Both 2 and 2 will include characteristics 
of premedical. education while 2 and 2 may actually refer to the same career, 
although the characteristics will depend on whether the career is pursued 
initially or after failure to get into medical school. 

It ts assumed that U(z-) > U(2 ) and U(2„) > U(2 ): All students can 
achieve as much- utility from a career pursued initially as from the same 
career pursued aftfer failure to get into medical school. Further, all students- 
arp assumed to prefer application followed by adm-ission over application 
followed by rejection. Hence the students will apply iff. 
(•2) P > [U(z^) -■U(2^.)]/[U(2^) - U{2^-)] 

For a given applicant pool, this model implies that more applicants will 
apply if: 1) thej^is an increase in the attractiveness of a career. as a 
physician; 2) there is a decline in the attractiveness of alternative careers; 



* A similar application of this criterion may be found in Comay, Melnik 
and Pollatschek (1977). 
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3) there is an increase in the attractiveness of condition^il alternative careers; 
and 4) there is an increase in the probability of acceptance*.* Ntrte that an 
increase in the attractiveness of an alternative career which is also a- con- 



ditional alternative will have opposing effects on the number of applicants: 



/ V 

the customary, negative "opportunity cost" effect and the positive conditional^ 

♦ 

alternative effect. ' ' . ' 



In .the econometric model, the proportion of the^ollege applicant pool 
choosing to apply is determined linearly by a vector o€ predetermined variables. 
X, which are presumed to affect student perceptionspf admission probabilities 
and career attractiveness. 
(3) a^ = B'x - ^ 

where a denotes the proportion of college graduates applying an<l is a 



* To verify the first three statements, let P* stand .for the right-hand-side 
of *(2K^ Increases in P* will reduce the number of applicants. Partial 
derivatives of P* with respect to utility from each of the three careers are: 



3P*/9U(_Z^) = [U(Z^) - U(2^)]/[U(2^) - l}{z^)f < 0 . , ^ 

3P*/aU(_2^) = 1/[U(2^) - U(2^)] ^ 0 

iPV3U(2^) = [U(Z^) - iJ(2^)MU(2^) - U{2^)]2 . [ \ 

The last derivative is negative for all those who would consider application 

for some value of P (i.e.. those with U(z ) > U(2 )); an increase in U(z ) 

— m —a -Hc 

will not affect the decision of those students for whom U(2 ) < U(z ). 

-m —a' 
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parameter vector.*- A time subscript fs implicit for a and x. The first 
. element of x in every year is unity. Remaining variables in x are defined 
in detail in Table 2. 

An increase in acceptance rates S'hould increase the proportion of college 
graduates' applying in the near future if students perceive, their own chances 
of admission being increased. From 1951 to 1976'the acceptance rate for men^ 
has varied considerably, being as low as .33 in 1951 and .34 in 1975 and as 
high as .60 in 1961-62. Hence if low acceptance rates do discourage applicants 
it should be possibJe to measure this effect in this period. 

An increase in resident income relative to that of male college graduates 
in the same age group should encourage more applicants. There was a sharp 
increase in the resident income variable in the late 1960 's — from .44 In 
1964 to .80 in 1971. This increase may explain part of the growthffn applicants' 
,in this period. 

Higher medical school tuitions are expected to dilcoucage applicants. 
Measured in 1967 dollars, mean tuition has increased from $790 in 1956 (the 
' first^year for which consistent data are available) to $1,483 in 1973. Although 
nearly doubling, tuition remained small relative to the opportunity costs 



* 



Explicit derivation of an expression for a^ as a function of x from the 
individual model is provided in Stapleton (1978. Chapter 4). A nonlinear 
empirical specification for a^ is also considered, but results do not' 
differ in a fundamental way from the linear results presented here. 
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TABLf 2 



PREDETERMJi^ED VARIABLES* 



.Name . 
acceptance rajie 

resident i-ncoffie — 

» 

tuition 
loan, index 

Ph. D. fenowships 

_ • ■ . 

Ph. D. unenploywent 



Definitloii^ 

accepteS male applicants divided by total 
.male applicants 

mean first-year resident (i.e., intern) 
salaries relative to mean income of male 
college graduates, age 25'- 34 

tuition revenue per student (in thousands)** 

maximum federally supported loans available 
to medical students (in thousands)** 

proportion of all grad'bate students receiving 
federal fellowships and traineeships 

unemployment rate of new blospience Ph. D.''s 



* Sources of data as well as interpolation and adjustment methods are 
giv^n in the appendix. 



***DefUt;ed by the 1967 Consumer Price tndex. 
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and income benefits of a medical career. It also appears to be highly 
Correlated with a variable that has been omitted for lack of data: tuition 
at graduate schools.* It .is therefore unlikely 'that it will capture any 
effect of highjff tuition on the^'number of applicants. Nevertheless It is 
included as the obvious price Jariable in this market and because it i^-an 3 
important policy instrument. 



The loan maximum index is intended to measure the availability j)f loans 
to medical students from the federal government. A main reason for its, 
inclusion is that capital markets for educational loans in general are 
•thought to be imperfect because students can't offer their futuri^ "human 

# 

Capital" as collateral. One might think that this would not be a problem 
for medical students who have a very high probability of becoming doctors 
and seem unlikely to default.** Neverihe^ess few medical students receive 



Medical and graduate school tuitlt^h for selected years are cohjpared in 
Stapleton (197^. p. 45). Tuition ratios at public and private schogls 
remained fairly constant in thyeight years from 1963 to 1975 for which 



tuition at public schools and 20 percent higher at private schools. 



ta were.available; medicaf tuition was roughly 60% higher than^gradua|e 



** Historically attrition rates at medical schools have been under 'lO% 
(Johnson and Hutchins, 1966, p. 1116). " 
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private bank loans and these a^e usually for small ^mounts,* If the market 
-for student loans is imperfect, an increase in ifoan av«4Tabnjty .should 
encourage applicants. Further, even if capital market imperfections* are not 
substantial* government loans offer more favorable terms than could be 
expected in the private sector, again making medical education more attractive 
Before 1959 the index 'is zero, increasing to 4.700 j(.in 1967 dollars) in 197^,. 
with major increases occurring "in the ear-ly 1960's. 

■ { .. •■ ■■ . ■ . 

The Ph.D. unemployment and fellowship variables are intended as measures 
of the attractiveness of the alternative careers most often considered by 
potential applicants* Many potential applicants consider professional careers 
in the sciences (particularly biomedical sciences) as an alternative, to 
becoming a physician. Some of these may actually choose^a science career 

♦ - 

in preference to medicine while others may view science as a conditional 



* In 1975, four percent of students received bank loans (excluding those 
with government guarantees)* with an average value of $2,095; in 1968, 
nine percent received loans with an average value of $1,400 (U.S. Public 
Health Service, 1974 and 1975). 



- 13 - 

alternative if" they are unable to get into medical scWl.* The attractive- 

* . • > ^^^^^ 

ness of a science career may therefOise have both an opportunity cost and a 
conditional alternative effect on the number of applicants, "io^^h of these 
opposing effects may be important: Medical Educators in the early 1960 's 
believed that graduate science programs were attracting many potential medical 
school applicants (see the A. A.M. C. Applicant Studies in these years). On 

♦ 

the other hand. Freeman (1?77) found that the nunber of rejected' medical 
school applicants is an important determinant of the number of enrollments in 
Ph.D. Biological Science programs. 

While the fellowship variable includes federal fellowships to all Pjr.D. 
students* by far the largest share of these were received by scier^ce sttidents. 
A negative coefficient .indicates that the* opportunity cost effect dominates 
the conditional alternative effect. The unemployment var^iable is specifically 
for biological. scientists and a positive .coefficient indicates that the 
opportunity cost effect dominates the conditional alternative effect. Both 



The conclusion that biological science is the most important alternative 
is . based on an analysi^ of two la-rge surveys of college students in which 
students considering becbming doctors at some point in their college 
career are identified. The^st survey was conducted by the National 
Opinion Research Center in 1961 and is described in Davis (19e5). The 
second was conducted by the American Council of Educatioh In 1966, with 1970 
and 1971 follow-ups, and is described in El-Khawas and Bisconti (1974). Two 
studies of unsuccessful applicants indicate that the careers most frequently 
actually pursued by unsuccessful applicants are fn the sciences (Becker, 
Kalatsky and Seidel, 1973, and Levine, Weisman. Sack and Morlock, 1974). 
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val^iab^es. irxlicate major increases in the attractiveness of science careers 
in the post-Sputnik yearsand declines in the late 1960's. A negative 
. coefficient, on the fellowship variable and a positive coefficient on the employ- 
- ment variable would confirm the fears of medical educators during the peripd. 



. In determ^^ing the.Ug-lengt'h for each variable a two-^ear decision-lag 
was first assumed. Since applicants must complete studies in specific subjects 
requiring approximately two years of course work, one would expect most decisions 
to be made at least two years bej^ore pUnned entry into medical school. Several 
studies of medkal students' confirm, that most made the decision iVtheir Yirst 
V secpnd uricfergraduate years, if not earlier (Thielens. 1957; Rogoff. 1957; 
. and Becker, et. al., 1961). Informationlags were also taken into consideration 
in determining lag-lengths. Published data for some" variables are more current ' 

- than for o^bers and some data are readily accessible to medical students while 
other data are not. . ^ 

Many models with different lag- lengths' (and some with additional variables) 
were estimated besides the one reported here. This was done to check for robust- 
ness of results with respect to small changes in lag-length. In general r^esults 
were disturbingly unrobust, as will be discussed further below. The specifi- 

- cation priisented here was chosen because, of all specifications estimated, it 
best conformed with our expectations. Of course this procedure invaltd^Jt?! the 

9^se of ^statistics in testing hypotheses about population coefficients. 

First-time applicants from the^ college graudate pool are given by the 
product of a^ (the proportion of. the pool which applies) and C Uhe size of 
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the pool)*. Of course not all first-tlm^ aH^licanti come from the college 
graduate pool. InJ975, for instance, 32 percent of first-t^me applicants , 
had been out of college for more than one year at the t^me they applied 
(A.A.M.C., 1976» p. 880)/ Presumably, many of these are graduate students in 
the sciences who are discouraged by poor job prospects. Attempts at measuring 
this pool and Including this pool explicitly in the first-tiine equation were 
unsuccessful. In recognition of thi| unmeasured pool we include a constant in 
the first-time applicant equation; hence first-time applicants are determined, 
by the sum of the constant, dp, the term for first-time appl 
college graduate pool, a C, and a disturbance, e"^: 



i cants from the 



(2), 



a" = a^ + a C H^e" = ar» + 8'xC + 
0 c 0 



The' disturbance term is assumed to be distributed- independen|tly of C and x, 

2 

with zero mean and constant* variance, a^. 



Repeat applicants come from the pool of previously unsuccessful applicanHS. 
As a measure of this pool we use the num^ of unsuccessful applicants in the . 
previous year, U. under the assumption thjrt. most unsuccessful applicants reapply 
in. the next year if at all. ft is assumed' that a constant proportion of unsuccess- 
ful applicants reapply. No Constant t6rm i§ included in the repeat equation since 
all repeaters by deflnii^ion are from the unsuccessful applicant pool : 
(3) 



A"^ X a, U + J • 
u 1 



where a^ is the proportion of unsuccessful applicants reapplying. The disturbance, 
e^, is "assumed be distributed independently of U. x andT, with zero, mean 
and constant variance a . Also e Is assumed to be independent of U and to have 



constant covariance with e , o: 



nr 
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For 13 years data 6n first- time and repeat applicants are available so 
that, for these years. tHe equations could be estimated straightforwardly. 
Ho«/ever. since there are 8 paramete-rs- in the first-time equation, this would , 
leave just ^ tiegrees of freedom for that equation. In fact, the situation is^ 
even worse since for the first 7 of these years, 1952 - 58. data for several of 
the predetermined variables in x are not available (after taking into account 
the lag-lengths). HenCe only 6 observations are left for the first-time 
equation. In order to have enou^ information to estimate the model, the 
total applicant data for 1962 - 73 must be employed. Specification of a total 
applicant equation 1s straightforward since the sum of first-time and repeat 
applicants yields total applicants, A: 



(4) A = a" +'A^ = + a^C + a^U;+ + 

= a^ + rxC + a^U V-e* -. 
where e = -e" + e*^. 



Since given any two of equations 2, 3 and 4, the third 1s redundant, for 
estimation purposes we can ignore any one of the three in years where* data on 
A and A are avallabile. For convenience we omit the 'first-time equation, 
equation 2. in these years. Hence the total applicant equation is to be 
estimated for the 18 years 1959 - 75 and the repeat equation is to be estimated 
for the 13 years 1952 - 61 and 1974 -76. They are first estimated separately 
by le;ast s()uares and then jointly using Zellner's "seemingly unrelated 
regressions" technique. Modifications similar to tho^e discussed by Schmidt 
(1977) are necessary in the latter procedure since the sample periods for the 



two equations do not coincide.* 



3, Results 
: — 9 — =' 



The model is first" estimated undfer the assumption that the proportion of 
college graduates applying, a^. i's fixed, ra^er than varying with x. Results' 
are presented in Table 3. Results in iines 1 and 2 of the table ar^ for the 
total applfcant equation Estimated by itself. In line 1 the coefficients of 
C and U imply that 3 percent of college graduated apply and that 68 percent 
of unsuccessful applicants will reapply. Both coefficients are significantly 
different- from zero at conventional conf idence .levels. In line 2 unsuccessful 

* Our procedure differs from Schmidt's only in the method used to construct the 
bTock diagonal variance-cbvariance matrix of the disturbances. This was 
done ai follows: First the residuals from the separate regressions were usedto 
estimate the variance of and of e^ a^, in the conventional way.' The 

estimate of a^.was used for -the block corresponding to the years 1952 - 58. 
for which only the repeat equation is estimated." and the estimate of was 
used for -the block corresponding to 1962 - 73; when only the total equation is 
estimated. For the third block, corresponding to 1959 « 61 and- 1974 - 76, 
when both equations are estimafegW. different estimates of and were used. 
yThese.^ well as an estimate of the cOVaTTaWorrand a were 
constructed using the. 6 residuals for these years from the two separate 
regressions. This procedure ensured W;^this block of the matrix was positive 
definite wfil3e using as much in^Ponn^on as possible in tfie'^other blocks. 
Fortunately differences in the two sets of estimates were minor, tnterestingly. 
Schmidt finds that statistical- properties. of parameter estimate in small samples 
?re reasonably Invariant to the choice of the four procedures for estimation 
of variances and covariances he considers. . 
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Dependent 
Variable 



Total 

Applicants 

"otal. - 
'Applicants 

Repeat 
Applicants 

Repeat/ 
Applicants 

Total 

Applicants 

Repieat 
Applicants 

Total 

Applicants 

Repeat 
Applicants 



- TABLE 3 

RESULTS WITH THE COLLEGE GRADUATE COEFFICIENT FIX€D 



Predetennined Variables 
1 



Constant 



College 
graduates (-1) 



2622 
(2.3) 

-48 

(0;o) 



54.1 
(.7) 

1812 
(.^) 



1651 
(1.9) 



.-030 
(4.7) 

.057 
(14.7) 



.Q38 
(8.7) 



.'040 • 
(16.2)' 



Unsuccessful 
applicants (-1) 



.680 
• (4.8) 



.426 
(137) 

.422 
(63.8) 

.485 
(4.8) 

.431 
(71)- 

..428 * 

(128)^ 

.428 
(128) 



.970 
.924 

.097 
-997 



Absolute t-statistics are in parentheses-. 
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applicants are omitted, resulting in a near doubling of the college graduate 
coefficient. The implications of this result will be discussed in the next 
section. • • • • 

Single equation estimates of the repeat equation are given in lines 3 
and 4. In line 3» the coefficient of U implies that 42.6 percent of unsuccessful 
applicants reapply; The conventionally constructed .05 confidence interval for. 

is very narrow — from .420 to .432. This is not surprising since in the 
13 years for which data are available the smallest ratio of to U is .406 
(in 1959) and the largest ijs .471 (in 1953). further no trends iri^he ratio 
are observed. In line 4 a constant is included and its small value and 
t-statlstic indicate that the omission of a constant Is appropriate. The 
excellent fit of the repeat equation to the data suggests that this simple 
model adequately captures one of the effects of rationing on applic-ants. " ^ 

, , ■ In lines 5 through 8 results from joint estimation of the applicant 
and repeat equations are presented. For lines 5 and 6, the coefficients of 
U in the two equations were allowed to differ, although according to our model 
they should be the equal. .In comparing line 5 to line T an interesting result 
emerges:' There is *an. 85 percent increase in the t-statistic for the coeffici/nt 
of C, due in part to a 27 percent increase in the value of the coeffiel'^nTlind 
in part to a. 31 percent reduction^in the standard error. While joint estimation 
Is expected to reduce standard errors, the reduction here is, surprisingly large. 
The apparent explanation is that implicitly the six years of firs.t-time 
applicant data are now being used. That is, the results are identical to 



ERIC 



22 



thQse that would be obtained from an estimation procedure ,in which the total 
equatTon was replaced by the first-time equation in the" six years for which 
* first- time data could be used.* *0n the otherhand, the first-time data we r^ 
ignored in estimating the equations separately. The result suggests that 
availability of first-time dita for all years would allow substantially better 
inferences about the behaviour of, first-time applicants. 

The difference between the coefficients of U in the two equations is .054 
and the t-staH:istic for this difference is only .6, leading us to accept the 
hypothesis that the population coefficients in the two equations are the same. , 
JAlhile this hypothesis may appear unimportant, its validity implies, that 
Ignoring other. determinants of repeaters, will not bias the coefficfent of C An 
the applicant equation.** Put another way, inclusion of U in, the applf(S;ant 
equation adequately controls for all factors affecting repeat applicants. 
The above test indicates th^t this is the casle. 

» 

When the restriction is imposed in lines 7 and 8 there Is a further large 
increase in the t-statistic for the coefficient of C, primarily due to an 

4 

2 ' 2 

* To obtain identical results estimates of a„, o and a in the six-year block 

n nr r 

must satisfy certain "singularity" requirements in relation to the estimated 
2 2 

va-lues of a » o^,, and c;^ used in the original procedure. 

2 

These require that the same estimate of be used' and, denoting parameter 

estimates with "hats", that = + + 2a and a = a ^ + a^. 

n r rn r» nr r 

■ i 

** See Stap.leton (1978, 197 - 99) for a proof. 



additional 43 percent drop In its standard error. Overall there is a 61 percent 
drop in the standard error of the coefficient of C from line 1 to line 7. It 

I 

is cleatj:hat incorporation of the first-time and repeat data provides substantial 
information about applicant behavior. 

4 

Results from estimation of the full model - with the coefficient of C 
being determined by x are presented in Table 4. Each line of the table 
represents a. different set of results; in the first nine columns are parameter 
estimates for the applicant equation and the last number fs the estimate of 

: the .single parameter in the repeat equation. Estimates of the elements of 8 
are:i;i columns 2 through 9 (note that Wh element of 3" is coefficient of 

^the product of C and one of the pr*edetemiined variables, including unity in ^ 
column 2). • ^ 

Results in' line 1 are from separate estimation of the applicant and repeat 

< 

equations.* In line 2 results are from. joint estimation but without the 
restriction on the coefficient of U. The restriction is imposed in Hne 3. ' 
Comparisons across the three sets of estimates are similar to comparisons made 
when the coefffclent of C was fixed, although less striking. Joint estimation \ 

-yields general reductions In standard errors and imposition of th6 restriction 
leads to further reductions. The restrictions again can not be rejected;' in 
fact, the unrestricted coefficients of U in line 2 arealmost equal. The" 

^remainder of the discussion wiy refer to the results in' line 3. 

* The repeat, equation coefficient is the same as that reported in line 3 
of Table 2. 



RjESiJlT^- WITH THE COLLEGE GRADUATE CQb'FFICIENT VA RY I N G 



PredeterrBi ned Variables 



college graduA:es (-1) times; 



^ Unsuccessful 
Ph.D. un- aPPlTcantfi(:T) 



accept- • • . pj,; 

^specification constant constant ra"t^(.2) tu1t1on(.3) ^^^^ ZlT^Z) ' X'^lT ^l^^^^^^^^ 



T. Equation- by- 7500 
eouation estimates (1.5) 



2. J(llnt estimates. 
* unrestricted 



3. Jdint estimates,'^ 
rjbs trie ted 



1 

7862 
(1.6) 



7.811 
(1.7) 



-.044 
(1.4) 



-.041 
(1.4) 



-.041 



.097 
(4.0) 



.095 
(3.8) 



.095 
(4.4) 



.10 
(2.2) 



.10 

(2.5) 



.10 
(2.6) 



Absolute t-statlstics are In parentheses. 
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-.023 
{1-2J 



.025 
(1.5) 



-.025 
(1.6) 



.0012 
(»1.3) 



.0015 
(1.9) 



.0015 
(2.0) 



-.019 
(0.1) 



■ -.020 
(0.2) 



-.020 
(0.2) 



-.13 
(1.5) 



-.11 
(1.4) 



-.11 
(1.5) 



.523 
(2.7) 



.428 
(5.9) 

> 

.426 
(133) 



.426 
(137) 



.426 
(127) 



.426 
(133) 
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Of the coefficients of the variables In x» three are .significantly 
different frOm zero if the t-statistics are interpreted in the conventional 
o way.. However, as mentioned previously, this Interpretation is inappropriate 
because of the sequential estimation procedure used to arrive at the final*" ( 
specification. The robustness of. each coefficient with respect to minor 
specification changes must also be considered. 

The acceptance rate~coeffic.1ent is reasonably robust. In all specifications 
In which this variable was Included with a two year lag. the smallest co- * 
efficient was .066 -and the largest was. 15. The smallest t-statistic was 3.2. 
When either a orte or two-year lag was used 'the coefficient was still positive, 
although smaller and with t-statlstlcsless than 2. One explahatiOn of t^f small 
t-statlstlcs at adjaceftt lags Is this: Since the denominator of' the acceptance- 
rate is the number of applicants, cycles in the applicant series are generated 
(holding other variables constant} if the lagged acceptance rate does affect 
applicants. Suppose that an increase in the acceptance rate does generate 
rnore applicants, with a lag. This lowers the acceptance rate, subsequently 
reducing applicants, again increasing the acceptance rate. etc. if a two-.year . 
lag is appropriate, specification of a four-year lag would likely yield a 
negative coefficient and specification of one or ^three-year lags may yield 
coefficients near zero of either. sign. Hence the result might be Interpreted 
as confirming that a two-year lag is appropriate. 

. The acceptance rate coefficient is .095. . This value implies a very 
large effect of a change in the acceptance rate oh applicants. To illustrate, ' 



27 



- 24 - . /- 

a reduction- of TOO in the number of places available in 1976 V/ouTd have 
reduced the number of 1978 applicants by 145, other things constant.* 
In the long run, after Induced changes in the acceptance rate and the number 
of repeaters had worked themselves out (holding other variables constant ai 
1976 values) applicants would be reduced by 97 annually.** While long-run 
responses of other variables have not been considereB^ the. discouraging effft 
pf lowjicceptance rates appears to be substantial. As further illustration, 
the estimated coeff^ient implies that if the acceptance rate had remained 
constant at the 1965 value of .47\ rather than dropping to .345 by 1974, 
there would have been 6,100 more first-time applicants in 1976 than there 
actually were an increase of 27 percent. 

The coefficient of resident income was usually, but not always, more* 
than 2 standard- errors greater than zero in specifications where it appeared 

* In 1976 there were 31,659 male applicants, of whom 11,302 were successful. 
A reduction of 100 places would have r^jjupd^the acceptance rate from .357 
to .354. There were 508,424 male college graduates in 1975; in the 
calculation this same figure was used for 1977. 

** Using the 1976 values for the yarfables, the estimated applicant equation 
reduces to A^ = 506 + 550,720,000/A^ 2 '425A^ In the long-run 

equilibrium \ ' \ ] " \ ^ 2 (locally stable)^solution is 

31,283. Reducing the number of places by 100 and solving again yields 
31,186. 
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with athree-year lag. The maximum value for this coefficient in all models 
estimated was .13 and the minimum was .01.. With a four ytfar lag length the 
coefficient was smaller, but still positive, although with a two-year lag 
length it became negative. At. either two or four-year lags the coefficient 
was less than two standard errors away from zero. Hence the statistical 

* « 

significance 'of the psult reported here is in doubt. 

A priorT it seems unlikely that the substantial increases in resident ' 
salaries in the late 1960's would not attract more applicants. The point 
estimate of the resident income coefficient, .10, implies that the fncrease 
in relative income from 1964 to 1971 resulted in an increase in first-time 
applicants of over 18,000. Hence this may be the primary cause of the 'increase 
in applicants over this period. - ^ 

Coefficients of the other variables -fn x were much less robust to 
specification change^, often switching sig'ns in response to changes in 
specifications of lag-lengths of other variables. Therefore the coefficients 
and associated t-statistics for the tuition variable and loan' maximum index 
should not be interpreted as demor>&f:rating' that higher tuition discourages 
applicants and greater loan availability encourages applicants. The tuition 
result is perhaps not surprising, for reasons previously discussed. That 
loan availability was not important is more surprising since the increase in 
the index was substantial during the sample period. While it may be that 
the index is not an adequate measure of availability, several attempts to 
model the effect of loans with dummy variables yielded similar results. 
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The coefficients of the Ph.D. feilbwship and 'unemployment variables were 
usually less than two standard errors from'zerp and their signs varied from 
one specification to another. In the results reported, the signs are con- 
tradictory:. The fellowship coefficient indicates that the attractiveness of 
science fields discburages. applicants while the unemployment coefficient 
indicates the opposite/^Siece there was considerable variation in these 
variables over the period, it must be concluded that the "two effects of ^ 
-science career^ttracti veness -- the opportunity cost effect and the con- 
ditionll alternative effect - are small and/or nearly offsetting. Medical 
educators' fears of competition fromlPh.D. science programs in the early ' 
1960's appear to be unjustified. 

4. Earlier Studies 

The results reported on here indicate that important specification 
errors are made in the models of Sloan. Esposi^o and Leffler. Similar errors 
ihay; arise In modelling afilgregate demand fdr any type of higher education - 
as well as demand in some other markets. These errors are discussed In the 
ftmst part of this section. The section is '-concluded wi*th consents on the 
model of Feldnian and. Scheffler. which differs in a fundamental way from models 
of the other three studies as well as from this one. 

In Section 2 it was argued that the attractiveness of the alternative 
careers cpujd have opposing effects on tlie number of applicants. If the 
acceptance rate is. as important a determinant of applicants as our results 
indicate, it seems likely. that the positive conditional alternative effect 
is important for some careers. Sloan and Esposito view variables representing 
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the attractiveness of several careers, including science careers* as opportunity 
cost measures. Increases .in their values are expected to reduce applicants' 
and the "conditional alternative" effect is ignored. Given this second 
possible effect. Sloan's ma rginally significant, negative coefficients for 
these variables are less convincing evidence of (net) opportunity ^ost 
effects. Esposito's failure to find opportunity cost effects may be explained 
by the modification of the theory. 

. Leffler constructs a physician profitability variable, ir. which is a 
measure of the present value of monetary costs and benefits to studying 
medicine and becoming a physician, calculated at the point of entrance into 
medical school. In his econometric models different variants of this 
variable and th^ size of the College graduate pool determine the number 
of applicants. Otir results indicate that if this approach is to be pursued, 
a more appropriate profitability variable would be expected profitability 
at the time the decision is made several years 'before entrance. Such a 
variable would take into account the probability of acceptance and the 
conditional alternative income stream as well as a basic alternative stream: 
Leffler's probability variable could be viewed as a component of the more 
appropriate variable. It is difficult to predict how this modification would 
affect the results, 'but since the acceptance rate appears to be so important 
in our model, it is likely the effect would be substantial. 

All- three authors ignore the existence of repeat applicants in their 
models. Our results indicate that variation in repeaters accounts for a 
good deal of the variation in total applicants. Further, fail ing to control 



for repeaters appears likely to bias coefficients of other variables. In 
line 2 of Table 3 the unaccepted applicant variable is Offiitted from t+ie 
total applicant equation, resulting in a near doubling of^|fee coefficent 
of college graduates. It is likely that omission of this variable or similar 
controls will bias estimates of effects o'f other variab*les away from zero: 
If an increase in a variable actually does induce more applicants it will ^ 
also result in more unsuccessful applicants, aeteHs pai*ebus', and therefore 
more repeaters and total applican^ts in tlie subsequent year. This may also 
explain why Sloan's "partial adjustment" specification, with full effects 
occurring on-ly after several years, appears to be more appropriate than his 
immediate atljustment specification. 1 • 

All three studies attempt to ej^plain variation in total male and female 
applicants combined. For most of their estimated equations they choose as 
their single applicant pool variable the number of male college graduates in 
the previous year. This is the same pool used her^ for. firsts-time male 
applicants. IgnoHng the female college graduate pool would probably be 
unimportant if the proportion of female applicants was fairly constant and 
small over the sample period. The sample periods of Sloan and Esposito both 
/ end in the mid- 1960' s and 4^- only period they include where there was obvious 
variation in the percentage of women applicants is the early postwar years, 
whe^ the percentage was unusually low. In the years in their samples for 
which data are available by sex the percentage of applicants who were 
women did not exceed 10. On the other hand, Leffler's sample ends in 1973» 
including four years in which the nomber of women applicants was growing 
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the attractiveness of/several careers, including science careers, as opportunity 
cost measures. Increases in their values are expected to reduce applicants - - 
.and.. the "conditional alternative" effect is ignored, ^iven this second 
possible effect. Sloan's marginally significant, negative coefficients for 
these variables are less convincing evidence of (net) opportunity cost 
effects. Esposito's failure to find opportunity cost. effects may be ej^lained 
by the modification of the theory. 

Leffler constructs a physician profitability variable, ir. which Is a 
measure of the present value of monetary costs and benefits to studying 
medicine and becoming a physician, calculated at the point of entrance\1nto , 
medical school. In his econometric models different variants of this 
variable and the size of the college graduate pool determine the number 
of applicants. Our results Indicate that if this approach is to be pursued »' 
a more appropriate profitability variable would be expected profitability 
at the time the decision is made —several years before entrance. Such a 
variable would take into account the probability of acceptance and the 
conditional alternative income stream as well as a basic alternative- stream. 
Leffler' s probability variable could be viewed as a component of the more 
appropriate variable. It Is difficult to predict how this modification would 
affect the results, but since the acceptance rate appears to be so Important 
in our model, it is likely the effect would be substantial. 



All three authors Ignore the existence of repeat applicants In their 
models. Our results indicate that variation in^repeaters accounts for a 
good deal of the variation in total applicants. Further, failing to control 
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. for repeaters appears likely to bias coefficients of other variables. In 

. . - line 2 jjf .IahJe-1 the unacce pt ed, applicant -variable -is .nmitted ^r-om-the 

total applicant equation, resulting in a near doubling of the coefflcent 
of college graduates. It is likely that omission of this variable or similar 
controls will bias estimates of effects of. other variables away from zero: 
If an increase in a variable actually does induce more applicants it will 
also result in more unsuccessful applicants, ceteris parehus, and therefore 
^ more repeaters and total applicants in the subsequent year. This may also 
^^^ain-^why Sloan's "partial adji/stment" specifica'tion, with full effects 
- ^occurrinfl on-ly after several years, appears to be more appropriate than his 

immediate adjuS-tment specification. 

* ■ * ■ 

All th'ree studies attempt to explain variation in total male and female 
« appTicrfnts combined. For most of their estimated equations, they choose as 
•their single applicant pool variable the number of male college graduates in 
the previous year. This is the same pool used here for first-time malf 
applicants. Ignoring tfie femalecollege graduate pooJ would probably be 
unimportant if the proportion of female appl icants was^f^irly constant and 
small over the sample perio^. The -sample periods of Sloan and Esposito both 
end in the mi d« I960' s and the only period they include where there was obvious 
variation in the. percentage of women applicants is the early postwar years, 
when the percentage was unusually low. In the years in their samples for 
which da1;a are available by sex the percentage of applicants who were 
women did not exceed 10. On the other hand, Leffler's sample ends in 1973, ' 
including four years in which the number of women applicants was growing 

ft 

34 

ERIC 



• ■ ■ 

relatively rapidly (see Section" 2)" LeffTer explaihr the Jarg^^ - ~ 

ih applTcafits Tnl;Mr same period by large increases in his profitability 
variable. It is likely that this effect is overstated because of the unaccounted 
for increases <4n the number of women applicants ( as welj as in the number of 
repeaters). s . 

d * 

Misspecifi cation of repeat and women applicants maytbe regarded as special 
cases of a more general misspecifi cat Ion: misspecificationN)^ applicant pools. 
There are other examples as well. One is. failure to recognize the impact of. 
World War II veterans on applicants in all three of the studies being discussed. 
Two possible causes of the post-World War II swell a»*e: 1. 61 bill benef 1 ts' made 
medical^school exceptionally ^attractive and 2. veterans with medicaT experience 
in the war applied directly or after an exceptionally short i^eriod of premedicat 
training. It is the latter effect which may be viewed as due to a change In 
the applicant- pool.' It may well be that failure to account for this effect 
is the source of Sloan's major result: the very significant negative effect 
of his net price variable on applicants. The price variable is tuition net 
of major scholarships, which during this period included 61 bill benefits, 
(both tuition benefits and living stipends). These are so \arge that net 
price is actually negative in 1947» 1948 and 1949; not until 1953 Is it 
larger than the largest prewar vaJue (for 1929). In Sloan's regression this 
variable accounts for most of the change in applicants in this period. If 
the veteran effect is important, it is likely that his price coefficient 
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greatly overstates the true effect of net price. Esposito includes separate 
GI.b4Xl-. and- tuition variables. In. his results the GI bill variable appears 
to be important but tuition is not, indicating that Sloan's result may be 
due to the effect of the 61 bill variable alone, which seems likely to be 
a good proxy for the veteran pool. 

The last example of a mi sspecifi cation of applicant pools is in the work 
reported on here: failure to measure the pool from which first-time applicants 
who have been out of college for more than one year come. Over 32 percent 
of^first-tlme male applicants in 1976 had been out of college for more than ^, 
a y§ar. It is likely that a-large number of these are students who are in 
or have .completed science graduate programs and are discouraged hy job 
market conditions .in their fields. Attempts to account for this source of . 
applicants were unsuccessful If growth in applicants from this pool was 
a major source of growth rin the early 1970 's, it is likely that effects of 
other variables whicK.9rew rapidly in the same period are overstated. In 
particular this may be true of the resident salary variable. 

Since variation in the size of major applicant pools is likely to be a 
major source of variation in demand for any type of education, the specif i- ^ 
cation of applicant pools deserves considerable attention. Such attention 
is conspicuously lacking in the higher education demand literature, j^ually 
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only the most obvious pool is considered.* How major pools, are to be 
intluded in the model also deserves careful consideration. The issue is 

of\e of functional form.- Thfr models estimated here a-re -specified irv -such 

a way that the number of applicants from a pool is homogeneous of degree one 
in the, size of the pool. For first-time applicants from the college 'graduate 
pool this means that the effect on -applicants of a change in a predetermined 
variable is proportional , to the size of the pool. Most of Sloan's specifi- 
cations and all of Esposito's are linear in the pool variable, so that effects 
of predetermined variables are independent of pool size. Leffler's semi- 
logarithmic specification impli<fes that effects of his profitability variable 
are proportional to the number of applicants and increase at an increasing 
rate with increases in the applicant pool. Clearly the absolute effects of ' 
predetermined variables should be related to pool size: more individual 
decisions are affected by the change in a variable the larger is the ppol. * 
The proportional specification used here is appropriate if in different time 

- y-- - • ■ 

* Campbell and Slegesl (1967). Right (1975.) and Freeman (1976) all estimate 
demand functions for undergraduate education in which or ly high school 
graduates or the "college age" population are used as pool measures. A 
secondary pool » new veterans, is considered by Ralper and Dunr (1969) and 
found to be important. Also demand functions for particular graduate 
fields have been embodied in the "cobweb" models of Freem^in (1971 . 1972. 
1975, 1975a) and others. Typically, undergraduate degrees granted in a 
part^ular field are the pools. Clearly otl^r sources of applicants are 
important; while measurement may be difficujt^at least careful considera- 

. tion should be given to potent;i-al' effects of the omitted variables. 
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periods applicants in the same pool faced with the same information included 
in the model (i.e., the variables in x) would 4nake the same decision (except, 
perhaps.^.for random errorsh . this Is.discussed.-further in^tapleton -(1978,. 
Gftapter 6). While it may be that this assumption is violated, an alter- 
native which would lead to a different specification is not obvious.* 

The model of Feldman and Scheffler (1978) has the apparently great 
advantage of not requiring any specification of the applicant pool. They 
take a strict human capital approach to the demand for higher education and 
assume that competition for education in different fields equalizes expebted 
rates qf return across fields. For medical school applicants, the expected 
rate of return. E(RR) in their notation, is given by a rate of >^turn cal- 
culated for succesful applicants, RR, times the acceptance rate, defined as 
■ ■ \ • " . » 

* In the higher education demand studies' cited in the previqus footnote, 
proportional specifications are used although justification is not giVen. 
Also Freeman usually uses a loglinear specification, with the log of the 
single applicant pool appearing on the r)ght-hand-side of his equation. 
If the coefficient of the log of the pool variable is unity, the speci- 
fication is homogeneous of degree one in the size of the pool. Usually 
this constrai^nt is imposed, although Freeman does not provide justification. 
In the four cases we have discovered (Freeman, 1971. pp. 143 and 147) 
where the restriction is not imposed the coefficient estimate varies /rom 
l.d- to 1.5-aTid only in onAsase is it significantly different from unity 
using the conventional test. \ This lends some support to the proportional 
specification. \ 
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the ratio of enrontnents, ENROLL., to applicant^, APP : J 

(5) E(RR) = RR . ENROLL/APP 

This fmplies that a one percent increase in RR or ENROLL will lead to a one 
percent increase in APP in order to maintain equality of expected rates of 
return in all markets,* presuming expected rates of return in other markets 
are unchanged. The obvious empirical specification arising from equation 5 
Is 

(6) Hn APP » a + 8 iln(ENROLL) + y Jln(RR) + 6 jl«[E(RR)]. 

With a = 0»$=»Y*-6«l. Thfey present least squares estimates of this 
equation ». under the apparent assumption that E(RR) is constant over time 
or varies independently of ENROLL and RR.* Estimates of RR are obtained 
from Sloan (1968) for 7 years between 1956 and 1966 and they themselves 
calculated a figure for 1970 foil owing. Sloan's procedure. In the empirical 
equations RR is lagged three years. Their estimates of B and 6 are .922 
and .822, with standard errors of .35 and .42, respectively; both are 
insignificantly different from unvty. The implied value for i{M) is 2.2 percent, 
compared to estimates of RR ranging from 13.5 to 22.0. . 

The choice" of a three-year lag for RR appears to^be inconsistent with 
the theoretical equilibration process being assumed. They choose a three- 
year lag after experimentation with alternative lags and justify it by the 
decision lag previously mentioned here. If expected rates of return are 
equilibrated across education fields, a three-year decision lag implies 
that all potential applicants make individual decisions in such a way that 



* Estimates for linear and semi logarithmic versions of the equation are also 
presented. Results are very siflHlar to those considered here. 
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the acceptance rate three yejars later will be just 'right to equalize expected 
rates of return. This seems implausible. It may (nell.be that in the long 
run expected rates of return are approximately equal fzed, but . the Aipparent 
existence of a long decision lag suggests that this is a poor shorty run 



assumption. " 

While this approach may have some merit, more consideration must be 
given to the equilibrating process.' In this connection, the role of repeat 
applicants fma;^ be important since, for them, there may be rid decision lag. 
Interestingly the idea tl\at the number of applicants adjusts so that the accept- 
ance rate obtains some equilibrium value has previously bSfen considered in 
the medical 1 education literature by Potthoff (1960), although no reason for 
equilibration is given. 

■ S..^. Conclusion * 

Is further study of the determinants of medical school applicants 
warranted? Clearly important questions are still^^Jje^^answered. but is 
there a reasonable chance that further research will provide answers? 

. . . ■ ■ r\ 

Given the. current availability of data further time-series analysis is 
perhaps not warranted. The results here indicate the importance of variation 
in (Jiffferent applicant pools, yet measures of some pools are not available. 
•Further it would >e desirable to have the applicant data disaggregated into 
applicants from reasonably homogeneous pools, as our experience with the 
limited data .on first-time and repeat applicants indicates. One way to avoid 
these problems mdy be incorporation of an equilibrating mechanism like that 



ERIC ' 40 



of Feldman and Scheffler (1978) but a more re^onable specification than 
theirs is not obvious. — ^ ' 

X 

The lack of robustness of results with respect to fairly minor changes 
in specification is disturbing. This may in part be due to poor data on 
the determinants of applicants. As discussed in the appendix, several of 
thesie series reqijired interpolation" for some years and others required 
adjustments for definitional inconsistencies. Lack of robustness may also 
be due to insufficient variation in some determinants over the sample period, 
although with the exception of the tuition variable this does not appear 
to b6 the case. Perhaps the most "serious problem is determination of appro- 
priate lag-lengths. Since ^rees of freedom are insufficient to allow 
multiple lag-lengths, hypotheses about effects of variables can not be 
'tested unless lags can be specified a priori . This is>^a very difficult task, 
if not impossible^ 

Cross-sectional studies may provide a reasonable alternative. Esposito 
(1968) estimates applicant equations in which the unit of observation is 
the state. Unfortunsftely, he finds it difficult to interpret the results 
because it is unclear what his variables measure. Pooling state data for 
several years mighrt also be cons^Ved. A problem is that a state may 
not be a reasonable unit of analysis since, especially among private' schools, 
the're ts considerable movement of applicants across state boundaries. 
Further, the market for physicians is national in nature. 

One might also examine determinants of medical school applicants at 



the Individual level as Miller and Radner (1975) have doiie for undergraduate 
education. Surveys of individual college students may provide appropriate- 
data.* Unfortunately it may be difficult to make reasonable inferences 
about effects of national medical* education policies from either state or 
individual applicant studies. Nevertheless such studies may make a substan- 
tial contribution to our general understanding of the demand for higher 
education. 




See. for instance, the N.O.R.C. and A.C.E. studies discussed in Davis (1965) 
and El-Khawas and BisConti (1974)» respectively. 
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Appendix: Data Sources and Interpolation and Adjustment Methods 

Male College Graduates: The source for original data is U.S. Office ^ 
of Educationr (1957-76). «For 1966-75 the series for bachelors degrees 
was used. This series was also available fqr 1961-65. but a definitional 
change was ihade in 1966. Figures for these years were multiplied by the 
ratio of new to old definition figures in 1966 (1.0388). Before 1^6^! the 
series reported is for bachelor's plus first-professional degrees. This ^ 
series was deflated by the ratio of bachelors to bachelors plus first-, 
professional degrees in 1961 (.9070). • . * 

Acceptance Rate : A.A.M.C. (1955-76). ' . - 

Resident Income: For 1955-69. except 1960 and 1962, mean intern salaries 
as reported in Medical Education were used for the numerator of this series; 
figures for 1960 and 1962 were obtained by linear interpolation. For 1974-76 fi 
year resident salaries from the Council of Teaching Hospitals (1971-77) were used 
1970-73 both series were available; since discrepancies were minor, a simple 
average was used. The denominator, mean income of male college graduates 
age 25 - 34. is from U.S. Bureau of the Census (1958, 1960, .1961, 1964. 
1967, 1967a. 1969, 1969a. 1970-71, 1973-76). Data for jp55. 1957. 1959, 
1960, 1962 and 1965 are fitted values from a regression of the variable for 
years in which data are available on mean staning salaries of college 
graduates in engineering, general business, accounting and sales, reported 
by Endicott (1975). 

luition: Tuition revenue and the number of medical students are reported 
separately in Medical Education . 



13 



ERIC 




- 38 - 



Lo an Index: The index was constructed by summing the annual maximums 
for all major national loan programs available to medical students in each 
years. The programs and maximums used a?re: National Defense Educational' 
Assistance, $1^000 (1959-64); American Medical Association Educational 
Research Foundation, $1,500 (1963-76); Health Professions Educational. 
Assistance Act, $2,000 (1965-66), $2,500 (1967-71), $3,500 (1972-77); 
Federal Guaranteed Student Loans, $1,500 (1967-72), $2,500 (1973-77). ^ 

Ph.Dv Fellowships : Figures for 1961-74 were compiled by Freeman and 
Breneraan (1974). For 1956-61 we were able to find data for three different • 
fellowship programs: National Science Foundation. National Institute of 
►Health .and the Natiofial Defense Educational Assistance Act. For 1961 the total o. 
these was 7,462. compared to a total of 11.591 for all programs (unfortunately 
not listed) included in the Freeman-Breneman variable. We therefore multiplied ^ 
the sum of the figures for the thre^ programs for 1956-60 by the rat^'o of the twc 
1961 figures, 1.55. before dividing by the number of graduate students. 
Graduate student data are from U.S. Office of Education (1967a. 1974a). 

Ph.D. 'Unemployment is Freeman's (1977) SEEK variable. Freeman's series 
begins in 1958. when the National Research Council surveys i^. which it is 
based be^an. For 1956-57 fitted, values from a regression of this variable 
on the contemporaneous values of the other variables in/ x were used. This 
is an ad hoc variation of Haitovsky's (1958) missing data method. ^ 
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